This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the appHcant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



P.B.5818 ' Patentlaan 2 
2280 HVRjjswiik(ZH) 
S +31 70 340 2040 
TX 31651 epo nl 
FAX +31 70 340 3016 



Europaisches 
Patentamt 



Generaldirektion 1 



European 
Patent Office 



Directorate General 1 



Office europ^en 
des brevets 



DirBCtion Generale 1 



r 



Griinecker, Kinkeldey, 
Stockmair & Schwanhausser 
Anwaltssozietat 
Maximilianstrasse 58 
80538 Munchen 
D£ 



l_ 



J 



GRUNi^CH^cn, mm^ix^E"^. stogkmajr 




1 1 Dez. 2003 




FRIST 
TERM 

EINGANQ - RECEIVED 




Datum/Date 




11/12/03 



Zeichen/Ref./Ref. 

EP29313RB048ia 


Anmeldung Nr./Application NoVDemande n**./Patent Nr yPatent NoyBrevet n**. 
03292888.9 


Anmelder/Applicarit/Demandeur/Patentinhabei/Proprietor/Titulaire 

S.O.I. Tec Silicon on Insulator Technologies S.A. 



Kopien bei Akteneinsicht nach Regel 94(3) EPU 
Copies in the case of inspection of flies pursuant to Rule 94(3} EPC 
Copies en cas dMnspection publique selon la regie 94(3) CBE 

Beglaubtgung 
Certification 
Certification 

1 Prioritdtsbeleg(e)/priority document(s)/clocument(s) de priority R. 94(4) 



Ubersendung von/Transmission of/Envoi de 

□ 
□ 

□ 
□ 
□ 
□ 



Antrag vom/Request dated/Requ§te du 09/12/03 



Ausfeiligung(en) der Patenturkunde nach Regel 54(2) EPU 

Duplicate of the patent certificate pursuant to Rule 54(2) EPC 

Duplicata du certificat de brevet, selon la Rdgle 54(2) CBE 

Auszug aus dem Register nach Regel 92(3) EPU 
Extract from the register pursuant to Rule 92(3) EPC 
Extralt du registre selon la Regie 92(3) CBE 

Auskunft aus den Akten nach Regel 95 EPU 

Communication of information contained in the files pursuant to Rule 95 EPC 
Communication d' informations contenues dans la dossier selon la Regie 95 CBE 

Akteneinsicht nach Regel 94(2) EPU 
Inspection of files pursuant to Rule 94(2) EPC 
Inspection publique selon la Regie 94(2) CBE 



EPA/EPO/OEB Form 1 1 58 -08.94 



BEYER G S (TEL: 1953) 
Auskunftsstel le/Informatlon office/Service d' Information 



PAGE BLANK (USPTO) 



Europaisches 
Patentamt 



European 
Patent Office 



Office europ^en 
des brevets 



Blatt 2 der Bescheinigung 
Sheet 2 of the certificate 
Page 2 de Tattestation 



Anmeldung Nr.: Anmeldetag: 

Application no.: 03292888.9 . Date of filing: 20/11/03 

Demande nV Date de depot: 

Anmelder 

Applicant(s): 

Demandeur(s}: 

S.O.I. Tec Silicon on Insulator Technologies S.A. 

38190 Bernin 

FRANCE 



Bezelchnung der Erfindung: 
Title of the invention: 
Titre de I'invention: 

A method for manufacturing a material compound 



In Anspruch genommene Prioriat(en} / Priority(ies} claimed / Priorite(s) revendiquee(s} 

Staat: EP Tag: 10/12/02 Aktenzeichen: EPA 02293049 

State: Date: File no. 

Pays: Date: Numero de depot: 



Internationale Patentklassifikation: 
International Patent classification: 
Classification Internationale des brevets: 

/ 



Am Anmeldetag benannte Vertragstaaten: 

Contracting states designated at date of filing: AT/BG/BE/CH/CY/C2/DE/DK/EE/ES/FI/FR/GB/GR/HU/I E/IT/LI/LU/MC/ 
Etats contractants designes lors du depot: 

Bemerkungen: 

Remarks: 

Remarques: 



EPA/EPQ/OEB Form 1012 -11.00 



S RAGE BLANK (uspto) 



Europaisches 
Patentamt 



European 
Patent Office 



Office europeen 
des brevets 



Bescheinigung Ceiiificate Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprunglich eingereichten 
Fassung der auf dem nach- 
sten Blatt bezeichneten 
europaischen Patentanmel- 
dung uberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les docun^nts fixes a 
cette attestation sont 
conformes a la version 
initialement deposee de 
la demande de brevet 
europeen specific d ta 
page suivante. 



Patentanmeidung Nr. Patent application No. Demande de brevet n** 

03292888.9 



Der President des Europdtschen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 

Le President de I'Office europeen des brevets 
P.O. 



RCvan DIJIc 



DEN HAAG,DEN 

THE HAGUE, 11/12/03 

LA HAYE,L£ 



EPA/EPO/OEB Form 1014 - 02.91 



fHlS PAGE BLANK (uspto) 



A Method for Manufacturing a Material 




The present invention relates to a method for manufacturing of a material compound, 
in particular a heterogeneous or a non-heterogeneous material compound such as a 
homogeneous material compound like a silicon-on-insulator (SOI)-material, 
comprising the steps of forming of a predetermined splitting area in a source substrate 
of a first material; attaching the source substrate to a handle substrate of a second 
material to form a source-handle-compound; and thermal annealing of the source 
substrate for a weakening of the source substrate at the predetermined splitting area. 

Material compounds such as heterostructures or SOI structures, particulariy those 
consisting of a thin layer of a semiconductor material attached to a handle substrate, 
have attained considerable industry attention as the next generation of micro-device 
wafers, especially as used in the fields of microelectronics, optoelectronics or 
micromechanics. 

In semiconductor technologies, thin layers are required which are only a few 
nanometres to a few micrometers thick with a very low thickness variance. Further, 
there is a major interest in monocrystalline thin layers. A very suitable technique to 
produce such thin films on a handle substrate is the so called Smart-Cut® process, 
offering a favourable way to produce for instance SOI (silicon on insulator) wafers with 
a high quality at low cost. One process flow to obtain SOI wafers using the Smart- 
Cut® process is shown schematically in figures 6 and 7. 

As shown In Fig. 6, two starting wafers, for instance a source or top silicon wafer V 
and a handle or base silicon wafer 2\ are provided. An implantation of gaseous 
species like hydrogen and/or a rare gas tike helium is then executed to form a 
predetermined splitting zone 5' at a certain depth d of the top silicon wafer 1 Instead 
of an implantation, any other kind of process can be used which is able to introduce 
the gaseous species into the wafer V. 

The predetermined splitting zone defines the location within the top wafer V where a 
split may occur. After implantation, the top wafer V is divided in two regions: a thin 
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region 3' whose thickness is detennlned by the used implantation energy, and the rest 
4* of the top wafer 1 

In the next step, the top wafer 1' is bonded on its implanted surface with the base 
wafer 2\ Bonding is preferentially achieved by so-called direct wafer bonding based 
on molecular adhesion; however other bonding techniques such as a method with an 
intermediate glue layer, anodic bonding or a method with electrostatic treatment 
assistance can be used instead. 

As shown in figure 7, the bonded wafer compound of the wafers 1' and 2' is then 
heated up in a furnace 7 to supply energy to the bonded wafer compound, especially 
to the implanted wafer V to weaken the bonded wafer. A fracture of the source wafer 
1* occurs after applying a certain energy to the wafer compound corresponding to a 
budget of thermal splitting wherein a thermal budget is a certain quantity of energy 
fixed by two parameters: annealing time and annealing temperature. The fracture can 
be initiated not only thermally, but also by any form of additional energy brought to the 
wafer compound, such as mechanical energy or acoustic energy. 

The budget of thermal splitting is a certain thermal budget corresponding to the limit 
for thermal splitting or cleaving of a material, which is 100% of the necessary energy 
at which splitting occurs thermally. The used temperature-time-dependency of the 
budget of themial splitting follows the Arrhenius Law in which the reciprocal of the 
annealing time is proportional to the exponent of the reciprocal of the annealing 
temperature. The budget of thermal splitting of heterogeneous bonded structures is 
dependent on a number of material, environmental and technological parameters like 
the kind of material, implantation conditions and bonding conditions. 

Then, the rest 4' of the.top.wafer 1' can be detached resulting in a SOI-structure 8' 
having the thin monocrystalline silicon layer 3' transferred onto the silicon base wafer 
2\ 

According to the above example, both the top wafer 1' and the base wafer 2' are of 
silicon. When bonded and subsequently heated, almost no stress is created in the 
wafers. 
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Heterogeneous bonded stmctures such as SOQ (silicon on fused silica) compounds 
or other structures cannot be annealed at such high temperatures as silicon-oxtde- 
silicon compounds to split the semiconductor material. The difference between the 
thermal expansion coefficients of e.g. silicon and fused silica and the different 
temperature dependencies of the thermal expansion coefficients cause, especially 
during an annealing step, a high thermal stress in the structure. 

In non-implanted bonded heterogeneous wafer compounds this stress leads either to 
an uncontrolled breakage of at least one of the two wafers and/or to a de-bonding of 
the wafers. When at least one wafer of the heterogeneous bonded wafer compound 
is implanted such as in the Smart-Cut® process, there is a sudden variation of stress 
in the heterogeneous wafer compound after a detachment of a remaining part of the 
implanted wafer when the detachment occurs at a temperature different from the 
bonding temperature. This can lead to an indefinite breakage of the wafer compound 
after such a detachment. 

To solve this problem, the temperature of the thermal treatment of the heterogeneous 
wafer compound can be lowered. However, this lowering must be significant to avoid 
any indefinite breakage resulting in very long corresponding annealing times in order 
to achieve the thermal budget necessary for a splitting of the implanted wafer. These 
times are in the range of several days and are therefore too long to keep an industrial 
interest. 

Another solution for the above problem, which has been presented for instance by 
Aspar et al in the Proceedings of MRS, 1998, uses a high dose hydrogen implantation 
to facilitate splitting of a wafer of a heterogeneous wafer compound at the implanted 
area. However, this high dose ion implantation is an expensive step. 

FR-A-2-755-537 describes a method to transfer a thin layer to a heterostructure in 
which an implanted substrate is thinned down after bonding of this substrate with 
another substrate to limit a sudden stress variation during splitting of the compound. 
This method causes an additional process step and results in a significant material 
consumption because the removed material is lost. 



FR-A-2-748-861 discloses a method to detach a staicture at lower temperatures using 
a combination of a heat treatment and mechanical efforts such as traction, shearing or 
bending forces. Such forces can be applied with a tool, a fluid or with another source 
of mechanical energy, for instance, as described in EP 0 977 242 A2, with a jet. 

US-5-877-070 suggests two specific methods of a Smart-Cut® process to lower a 
detachment temperature. The first method is based on an additional implantation step 
using a boron implantation of the wafer to split. This method results in 
disadvantageous boron doping of the surrounding layers and is, especially due to the 
additional implantation step, expensive and time-consuming. 

The second method which is of the above-mentioned type, uses a pre-anneal before 
bonding of the wafers. However, the pre-annealing temperature is limited by the 
effect of blistering of the implanted wafer, resulting in a very fast formation of blisters 
at the surface of the wafer due to thermal treatment. Blistering occurs quickly with 
annealing and destroys the flatness of the wafer which is necessary for a sufficient 
bonding of the wafer. After bonding, a second annealing step is done at a low 
temperature. Due to the limited thennal budget applied during the pre-annealing step, 
the second annealing step takes several days to reach the thermal budget to split the 
implanted wafer. 

It is the object of the present invention to provide a method of the above-mentioned 
type which can be easily camed out with a reduced process time and a very low risk 
of damage or destruction of the material to get a high quality of the split surface. 

This object is solved by a method of the above-mentioned type characterised in that 
the thermal annealing comprises a first annealing step of the source-handle- 
compound, wherein the first annealing step is stopped before a splitting of the source 
substrate; and a second annealing step of the source-handle-compound after the first 
annealing step, wherein the second annealing step is performed at a lower 
temperature than the first annealing step. 



5 



In the first annealing step, the first material is pre-fragilised thermally but not thermally 
split yet at said predetermined splitting area. If the second annealing step starts, 
some themial energy is already introduced in the first material, and a low temperature 
is then applied to ease the splitting of the first material at the predetermined splitting 
area. 

Therefore, the second annealing step offers the possibility to apply a thermal energy 
to the source-handle-compound which helps to split the source substrate at a different 
thermal energy level than in the first annealing step. The source substrate can be split 
thermally with a very low risk of an indefinite destruction of the materials of the 
compound during splitting. An accurate splitting occurs at the predetermined splitting 
area such as an implanted area. 

The thermal splitting avoids a further handling of the source-handle-compound for 
splitting and therefore reduces the risk of degradation of the substrates that may occur 
during mechanically assisted splitting, as discussed in FR 2748851 or EP 977242. 

The annealing temperature of the first annealing step can be increased to a relatively 
high value which shortens the annealing time of the second annealing step resulting in 
a reduced process time. 

In an advantageous embodiment of the invention, the second annealing step is 
performed at least until thermal splitting of the source substrate occurs. The low 
temperature of the second annealing step leads to a gentle thermal splitting of the 
source materials. 

It is further beneficial to initiate splitting after the second annealing step by providing 
additional energy. This way, the process time of the second annealing step can be 
reduced. 

In an especially beneficial embodiment, the additional energy is mechanical energy. It 
has been shown that mechanical energy which is applied after the second annealing 
step is very effective in providing a final amount of additional energy to split the 
source-handle-compound. 
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In a favourable embodiment of the invention, the first annealing step is performed at 
an energy which is lower than the energy of a budget of thermal splitting at which the 
source-handle compound can split. This way, in the first annealing step an optimum 
energy can be applied to the source-handle-compound, which is less than 100% of 
the budget of thermal splitting of the structure. This prevents an indefinite breakage of 
the source-handle-compound but induces a thermal energy in the source substrate 
which is high enough to ease a rapid splitting of the source substrate in or after the 
second annealing step thereafter. 

According to a further embodiment of the invention, the first annealing step is 
perfomned at about 70 to 99 % of the temperature-time-ratio of the budget of thermal 
splitting. This range is particularly suitable to get a reduced process time of the 
splitting in the second annealing step. 

According to a further example of the invention, the source-handle-compound is 
cooled down between the first annealing step and the second annealing step. Thus, 
the method can be divided into two different physical steps. 

According to a further favourable example of the present invention, the source-handle- 
compound is cooled to room temperature between the first and the second annealing 
step, preferably to a temperature between IS^'C and 25*'C. This temperature requires 
no further adjustment and allows an easy handling of the wafers between the first and 
the second annealing step. The temperature between the first and the second 
annealing step can be below the temperature of the second annealing step. 

According to a further favourable variant of the invention, the source-handle- 
compound is cooledica temperature of the second annealing step between the first 
and the second annealing step. This facilitates a change from the first annealing step 
to the second annealing step and reduces the process time. For example, the 
temperature can be directly cooled down from the first step temperature level to the 
second step temperature level. 
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In another advantageous embodiment of the invention, the first annealing step and/or 
the second annealing step comprises a step-wise reduction of the annealing 
temperature. This makes it possible to reduce the annealing time, resulting in 
increased productivity of the splitting process. 

In a yet further preferable embodiment of the invention, the first material and/or the 
second material is at least one of a group of materials consisting of silicon, an A(lll)- 
B(\/)-semiconductor, an alloy of an A(lll)-B(V)-semlconductor, SiGe, silicon carbide, 
synthetic quartz and fused silica. With these materials, heterogeneous material 
compounds can be manufactured which cover most of the presently required 
heterostructures, for instance in microelectronics, in optoelectronics or In 
micromechanics. It also covers non-heterogeneous material compounds like SOI. 

According to a yet further advantageous variant of the invention, the source substrate 
is a silicon wafer and said handle substrate is a synthetic quartz wafer. By this 
method so-called SOQ (silicon-on-fused silica) wafers can be produced. 

Specific embodiments of the present invention shall become more apparent from the 
following detailed description with reference to the accompanying drawings, in which: 

Figure 1 schematically shows a first annealing step of a method according to a first 
embodiment of the present invention; 

Figure 2 schematically shows a second annealing step of a method according to the 
first embodiment of the present invention; 

Figure 3 shows a temperature-time diagram showing illustratively the temperature- 
time course during a method according to the first embodiment of the present 
invention; 

Figure 4 shows a temperature-time diagram showing illustratively the temperature- 
time course during a method according to a second embodiment of the present 
invention; 
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Figure 5 shows a temperature-time diagram showing illustratively the temperature- 
time course during a method according to a third embodiment of the present invention; 

Figure 6 schematically shows the process preparation steps of a conventional Smart 
Cut® process, including oxidation, implantation and wafer bonding; and 

Figure 7 schematically shows an illustrative arrangement of an annealing step used in 
the conventional Smart Cut® process of Figure 6. 

In Figures 1 to 5 the same reference signs as in Figures 6 to 7 are used to denote 
similar or equal components and parts. 

Figure 1 schematically shows a first annealing stqp of a method according to a first 
embodiment of the present invention. There, a wafer compound 12 consisting of a 
first wafer 1 and a second wafer 2 which are bonded in a furnace 7. The furnace 7 is 
heated up to an annealing temperature To for an annealing time to. The first wafer 1 is 
a source wafer made of silicon while the second wafer 2 is a handle wafer made of 
fused silica. In another embodiment of the Invention, wafers 1 and 2 can be of any 
other semiconductor, conductor or insulator material used in microelectronics or a 
similar technical field, such as an A(lll)-B(V)-semiconductor like GaAs, InP or GaN, an 
alloy of an A(lll)-B(V)-semiconductor, SiGe, silicon carbide, synthetic quartz and fused 
silica. Preferably, the first wafer 1 and the second wafer 2 are of different materials, 
but these wafers 1 , 2 can also be of the same material. 

Wafer 1 is implanted with hydrogen and/or helium ions forming a buried, 
predetermined splitting area 5 in a depth d of wafer 1 . The area 5 which is shown in 
figure 1 from the front side as a line can also be produced by an implantation of other 
ions like boron or phosphor or by a combination of these ions with hydrogen ions. The 
ions can also be buried in wafer 1 , for instance during wafer manufacturing. The area 
5 can also be pre-weakened by a local distortion of the crystallinity of the wafer 1 , 
induced for instance by a radiation or mechanical influence. 

Figure 2 schematically shows a second annealing step 22 of a method according to a 
first embodiment of the present invention where the wafer compound 12 is placed in 
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another furnace T heated up to an annealing a temperature Ti for an annealing time ti 
at least until splitting of the wafer 1 at the pre-fragilised buried splitting area 5. 
Optionally, to employ the second annealing step, the wafer compound can be left in 
the first fumace 7. 

The resulting structure 8 comprises a thin monocrystaillne silicon layer 3 which is 
attached to the handle wafer 2. The rest 4 of the wafer 1 can be removed from the 
structure 8 as one piece. 

Figures 3 to 5 show temperature-time-diagrams showing Illustratively the temperature- 
time-course during methods according to first, second and third embodiments of the 
present invention. In the embodiments the following process conditions are used: 

Source substrate: silicon 

Handle substrate: fused silica or silicon 

Thickness of buried oxide: about 50 nm to about 1000 nm 

Energy of implantation: about 30 keV to about 200 keV 

Dose of implantation: about 1x10^® cm'^ to about 1x10^^ cm"^ 

Process window of the first annealing step: between about 350^*0 to about 

500-C, for about some minutes to 
about a few hours 

Process window of the second annealing step: between about 1 SO^'C to about 

SSO'C, for about a few hours to about 
a few days 

Figure 3 shows a temperature-time diagram showing illustratively the temperature- 
time course during a method according to a first embodiment of the present invention 
in which the temperature is held for a period of time in a second annealing step. ^ 

As shown in Figure 3, in the first annealing step 21 , the wafer compound 12 is 
introduced into the fumace 7 at a room temperature Tr. Room temperature Tr 
corresponds to a temperature value between IS"" and 25''C. Then, the temperature is 
continuously heated up to the annealing temperature To, which is, in the example 
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shown, about 425"C. Then, the temperature is held at the level of To for several 
minutes. Alternatively, the temperature can be held for a longer period of time, such 
as several hours. Thereafter, the temperature is continuously cooled down to room 
temperature Tr. 

In another embodiment of the invention, the wafer compound 12 can be introduced in 
the furnace 7 at different temperatures. The temperature of the furnace 7 can be 
modified in accordance with the type of fumace and the implantation conditions. 

The energy appljed to the heterpgenepus bonded wafer compound 12 in the first 
annealing step 21 corresponds to about 90% of the splitting thermal budget of the 
wafer compound 12 at which a splitting of the source-handle-wafer-compound 12 may 
occur. The first annealing step 21 causes a fragilisation at the predetermined splitting 
area, but without splitting of the wafer 1 or of wafer 2 and without de-bonding of the 
wafer-compound 12. 

In a second annealing step 22, the wafer compound 12 is heated up to a temperature 
Ti arid is then held at this temperature for a longer period of time t1 , for example 
about 1800 minutes. At an annealing time and an annealing temperature which is 
mari<ed by the arrow H, the wafer compound splits thermally. Thereafter, the split 
wafer parts are cooled down to room temperature Tr. , . 

Figure 4 shows a temperature-time diagram showing illustratively the temperature- 
time course during a method according to a second embodiment of the present 
invention in which the temperature is cooled after a first annealing step 21* directly to 
a temperature Ti of the second annealing step 22. 

Figure 5 shows a temperature-time diagram showing illustratively the temperature- 
time course during a method according to a third embodiment of the present invention 
in which the temperature is step-wisely reduced during the first annealing step. 

In the third embodiment of the invention, the wafer compound 12 is heated up in the 
first annealing step 21 from room temperature Tr to a value To. is further held on this 
temperature To of about 425**C for several minutes and is then cooled over several 
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temperature steps T2.Td,T4 down to room temperature Tr. In the example shown, the 
wafer compound 12 Is first cooled to a temperature T2 which is about 20* to 30' lower 
than temperature To. At this temperature T2 the wafer compound 12 is held for a 
couple of minutes. Thereafter, the wafer compound 12 is cooled down to a 
temperature T3 which is an additional 20"* to 30*" lower than temperature T2. After a 
few minutes, the wafer compound is further continuously cooled down to a 
temperature T4 of about SSO'^C where it is held for several minutes and is then cooled 
down to room temperature Tr. 

The energy applied to the wafer compound 12 during the first annealing step 21 
corresponds to about 90% of the budget of thermal splitting of the wafer compound 
12. 

In the second annealing step 23, which follows the first annealing step 21 , the wafer 
compound 12 is heated up from room temperature Tr to a temperature T5 of about 
300''C where it is held for about 60 to 80 minutes until splitting occurs. The energy 
applied to the wafer compound in the second annealing step 23 corresponds to about 
10% of the budget of thermal splitting. The splitting point is marked with the arrow E. 

in another embodiment of the invention (not shown), the second annealing step 23 
can be stopped before splitting occurs. Then, an additional amount of energy is 
applied to the wafer compound 12. The additional energy may be provided in any 
form, such as mechanical energy, radiation or acoustic energy, which leads to splitting 
of the wafer compound 12. 

After splitting, the structure 8 and the rest 4 of the source wafer 1 are cooled down to 
room temperature Tr. 

As indicated by 23', in another embodiment of the invention, the wafer compound 12 
can be held longer than 80 minutes at the temperature T5, even up to 160 to 200 
minutes. 

In the third embodiment according to Fig. 5, the subsequent steps in which the 
temperature is stepwise reduced enable a reduction of the duration of the last step 



12 



where the thermal splitting occurs. This variant is an optimisation of the pre- 
fragilisation step. It can be applied to the first and/or the second annealing step 21 . 
23. 

In the following, the function and the effect of the embodiments shown are explained. 

With reference to Figure 3, in the first annealing step 21. a relatively high temperature 
To is applied for a relatively short time. The effect of the used annealing temperature 
and annealing time corresponds to about 90% of the thermal budget of the bonded 
wafer compound. 

At a thermal budget To, to an initial thermal energy can be applied to the wafer 
compound, forming a pre-fragillsation of the pre-determined buried splitting area In the 
source wafer 1 of the wafer compound which is the basis for a later splitting 
phenomenon. The second annealing step 22 is perfonmed after the first one and at a 
much lower temperature than that used during the first annealing step 21 . The 
optimisation of pre-fragilisation can occur not only in the first annealing step but also in 
the second step. 

As shown In Figure 3, the temperature of the first annealing step 21 is about 400*^0 to 
450*^0 whereas the temperature of the second annealing step 22 is below 400''C. The 
induced thermal energy during the second annealing step helps to split the wafer 
compound into two wafer parts along the predetermined splitting area 5. This results 
in a SOQ wafer 8 consisting of the quartz substrate 2 and a thin silicon layer 3 thereon 
or in a SOi wafer consisting of a silicon substrate and a thin silicon layer thereon. 

With reference to Figure 4, where neariy the same annealing temperatures and 

annealing times are used as in the first embodimentshown in Figure 3, the 

temperature between the first annealing step 21' and the second annealing step 22 is 
cooled down to the temperature Ti of the second annealing step 22. The annealing 
steps 21*. 22 are performed In the same fumace 7. This shortens the transition time 
from the first annealing step 21 ' to the second annealing step 22 and reduces 
therefore the entire process time. 
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As shown in Figure 5, tlie annealing time of the second annealing step 23 can be 
shortened by a rapid heating up of the wafer compound 12 in the first annealing step 
21 to a temperature To of about 425*'C, and a step-wise reduction of the temperature 
at certain temperature levels T2, T3, T4. The thermal energy applied to the structure of 
the wafer compound 12 in the two annealing steps 21 , 23 corresponds to 1 00% of the 
budget of thenmal splitting of the wafer compound 12. so that after a certain period of 
time at the temperature T5 of the second annealing step 23 a thermal splitting of the 
wafer compound at the area 5 can be achieved. 

The stepwise reduction of the temperature in the first annealing step 21 also can lead 
to a pre-fragilisation so that an easier splitting in the second annealing step 23 is 
attained. Instead of the temperature profile shown in Figure 5, any other favourable 
temperature profile can be used for splitting of the wafer compound 12. 

Moreover, It is possible to change the temperature in the first annealing step 21 so 
that the temperature between the temperature steps To, T2, T3, or T4 rises. For 
instance, the temperature can be reduced from To over T2 to T3 and can be further > 
enhanced to T2 and then again reduced to Ta and to Tr. 

Furthermore, it is possible to combine the first and the second annealing step into one 
annealing step in which the temperature between the two annealing steps is not 
reduced to room temperature Tr. 

It should be further taken into consideration that the above-mentioned annealing times 
and annealing temperatures are ^vourebly related to splitting of wafer compounds 
consisting of silicon and fused silica with conventional thicknesses, warps and thermal 
features. When other substrates with other features or different implantation 
conditions are used, it should be considered that the given times and temperatures 
are to be adapted accordingly. 
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Claims 



A method for manufacturing of a material compound (8), in particular a heterogeneous 
or a non-heterogeneous material compound like a sillcon-on-insuiator (SOI)-material, 
comprising the steps of: 

forming of a predetermined splitting area (5) in a source substrate (1) of a first 
material: 

attaching the source substrate (1) to a handle substrate (2) of a second material to 
form a source-handle-compound (12); and 

thermal annealing of the source substrate (1) for a weakening of the source substrate 
(1 ) at the predetermined splitting area (5). 

characterised in that 

themial annealing comprises: 

a first annealing step (21, 21') of the source-handle-compound (12). wherein the first 
annealing step (21. 21*) is stopped before a splitting of the source substrate (1); and 

a second annealing step (22, 23, 23') of the source-handle-compound (12) after the 
first annealing step (21 . 21*), wherein the second annealing step (22. 23, 23') is 
perfomied at a lower temperature than the first annealing step (21 . 21 '). 

The method of claim 1 . characterised in that the second annealing step is performed 
at least until thermal splitting of the source substrate (1 ). 

The method of at least one of the preceding claims, characterised in that the splitting 
is initiated after the second annealing step, by providing additional energy. 

The method of claim 3. characterised in that the additional energy is mechanical 
energy. 
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5. The method of at least one of the preceding daims. characterised in that the first 
annealing step (21 . 21 ') Is perfbnned at an energy which Is lower than the energy of a 
budget of thermal splitting at which the source-handle-compound (12) can split. 

6. The method of dalm 5, characterised in that the first annealing step (21 . 21 ') Is 
performed at about 70 to 99 % of the eneigy of the budget of thennal splitting. 

7. The method of at least one of the preceding daims. characterised in that the first 
annealing step (21 , 21') is perfbnned at about 350'C to 600'C for about a few minutes 
to about a few hours. 

8. The method of at least one of the preceding daims. characterised in that the second 
annealing step (22, 23, 23') Is performed at about ISO'C to 350'C for about a few 
hours to about a few days. .. 

9. The method of at least one of the preceding claims, characterised in that the source- 
handle-compound (12) is cooled down between the first annealing step (21, 21') and 
the second annealing step (22, 23. 23'). 

1 0. The method of daim 9, characterised in that the source-handle-compound Is cooled 
to room temperature (Tr), preferably to a temperature between 1 S'C and 25?C. 

1 1 . The method of claim 9. characterised in that the source-handle-compound is cooled 
to a temperature of the second annealing step (22. 23. 23'). 

12. The method of at least one of the preceding daims. characterised in that the first 
annealing step (21, 21') and/or the second annealing step (22. 23. 23') comprises a 
step-wise reduction of the annealing temperature. 

1 3. The method of at least one of the preceding claims, characterised in that said first 
material and/or said second material Is at least one of a group of materials consisting 
of silicon, an A(lll)-B(V)-semiconductor. an alloy of an A(lll)-B(V)-semlconductor, 
SIGe. silicon carbide, synthetic quartz and fused silica. 
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14. The method of at least one of the preceding claims, characterised in that said source 
substrate (1 ) is a silicon wafer and said handle substrate (2) Is a wafer consisting of 
fused silica or a synthetic quartz. 

1 5. The method of at least one of the preceding claims, wherein the step of forming of a 
predetermined splitting area comprises implanting hydrogen and/or helium ions in the 
source substrate (1). 
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Abstract 



The present invention relates to a metlioci for manufacturing of a material compound, in 
particular a heterogeneous or a non-heterogeneous material compound like a silicon-on- 
insulator (SOI)-material. comprising the steps of fbmning of a predetemiined splitting area in 
a source substrate of a first material; attaching the source substrate to a handle substrate of 
a second material to form a source-handle-compound; and themnal annealing of the source 
substrate for a thermal splitting of the source substrate at the predetermined splitting area. 
It is the object of the present invention to provide a method of the above-mentioned type 
which can be easily cam'ed out with a reduced process time and a very low risk of damage 
or destruction of the material to get a high quality of the split surface. This object is solved 
by a method of the above-mentioned type characterised in that the thermal annealing 
comprises a first annealing step of the source-handle-compound, wherein the first 
annealing step is stopped before a splitting of the source substrate; and a second annealing 
step of the source-handle-compound after the first annealing step, wherein the second 
annealing step is perTormed at a lower temperature than the first annealing step. 
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Fig. 7 
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